Abstract: Detecting exoplanets around giant stars sheds light on the later-stage evolution of planetary systems. We observed the M giant HD 18438 and the K giant HD 158996 as part of a Search for Exoplanets around Northern circumpolar Stars (SENS) and obtained 38 and 24 spectra from 2010 to 2017 using the high-resolution Bohyunsan Observatory Echelle Spectrograph (BOES) at the 1.8m telescope of Bohyunsan Optical Astronomy Observatory in Korea. We obtained precise RV measurements from the spectra and found long-period radial velocity (RV) variations with period 719.0 days for HD 18438 and 820.2 days for HD 158996. We checked the chromospheric activities using Ca ii H and H α lines, HIPPARCOS photometry and line bisectors to identify the origin of the observed RV variations. In the case of HD 18438, we conclude that the observed RV variations with period 719.0 days are likely to be caused by the pulsations because the periods of HIPPARCOS photometric and H α EW variations for HD 18438 are similar to that of RV variations in Lomb-Scargle periodogram, and there are no correlations between bisectors and RV measurements. In the case of HD 158996, on the other hand, we did not find any similarity in the respective periodograms nor any correlation between RV variations and line bisector variations. In addition, the probability that the real rotational period can be as longer than the RV period for HD 158996 is only about 4.3%. Thus we conclude that observed RV variations with a period of 820.2 days of HD 158996 are caused by a planetary companion, which has the minimum mass of 14.0 M Jup , the semi-major axis of 2.1 AU, and eccentricity of 0.13 assuming the stellar mass of 1.8 M ⊙ . HD 158996 is so far one of the brightest and largest stars to harbor an exoplanet candidate.
INTRODUCTION
Since the first discovery of an exoplanet with the radial velocity (RV) method in 1995 (Mayor & Queloz 1995) , about 18% of all known exoplanets have been detected with precise RV methods so far. Host stars of these systems are mostly late-type main sequence (MS) stars because they have many narrow spectral lines suitable for precise RV measurements.
Searches for exoplanets around late-type giants using the RV method are actively pursued (Frink et al. 2002; Hatzes et al. 2005; Döllinger et al. 2007; Sato et al. 2007; Han et al. 2010 ) also because planet-harboring giants can give information on how stellar evolution affects planets. In addition, they have sharp spectral lines, thus enabling us to measure RV shifts with high precision. However, giants have more sources contributing to RV variation than MS stars, such as stellar activity, rotational modulation of surface features, and stel- To find exoplanets around giants, we have conducted the SENS program ) over 7 years. We selected 224 stars from the HIPPARCOS catalog using the following criteria: 1) δ ≥ 70
• ; 2) 5.0 < m v < 7.0; 3) 0.6 < B−V < 1.6; and 4) HIPPARCOS scat < 0.05 magnitude. We found 25 of them to harbor planets (∼ 11%) so far. The planet occurrence rate is consistent with other studies, about 10 ∼ 15% (Johnson, et al. 2007; Kraus et al. 2008; Howard et al. 2012; Fressin et al. 2013) .
In this paper, we analyze the RV variations of two giant stars, HD 18438 and HD 158996, selected from the SENS program based on their characteristics. HD 18438 and HD 158996 are among the bigger and brighter giants in our sample. In Section 2, we describe the observations and data reduction. In Section 3, we present stellar parameters. The RV measurements, orbit diagrams, and phase diagrams are described in Sec- . tion 4. We analyze the spectral lines and photometric data in order to identify the origins of RV variations in Section 5. Section 6 shows our results, and summary and discussion are provided in Section 7.
OBSERVATIONS AND REDUCTION
We obtained all spectra using the high-resolution Bohyunsan Observatory Echelle Spectrograph (BOES; Kim et al. 2007 ) at the 1.8 meter telescope of Bohyunsan Optical Astronomy Observatory in Korea (BOAO). The BOES covers a wide wavelength range from 3500Å to 10 500Å in one exposure. We used a fiber with a diameter of 200 µm, which provides a resolving power (R) of 45 000. An iodine absorption (I 2 ) cell was used for precise wavelength calibration with a range from 4900Å to 6100Å. Our data reduction used the IRAF package, DECH (Galazutdinov, G. A. 1992) , the RVI2CELL code ) for RV measurements, and Systemic Console (Meschiari et al. 2009 ) for analysis and fitting of RV measurements.
STELLAR MODEL
Compared to MS stars, giant stars have more complex RV variations because they often have a long-period stellar rotation with stellar activity such as spots, flares, and long-period pulsation. To confirm planetary companions with a long orbital period, calculating accurate stellar parameters is important for identification of various (non-exoplanet) origins of RV variations. 
Stellar Parameters
We obtained the fundamental photometric parameters of HD 18438 and HD 158996 from the HIPPARCOS catalog. Parallax of HD 18438 was taken from the Gaia DR 1 (Gaia collaboration 2016a). Stellar atmospheric parameters such as T eff , [Fe/H], v micro and log g were derived from TGVIT stellar model code (Takeda et al. 2005) . We used 147 and 227 equivalent widths (EW) of Fe I and Fe II lines of two target stars, respectively. However, because of the TGVIT is useful for stars with a surface temperature of over 4,000 K, stellar parameters of HD 18438 show some differences with values in the literature. We obtained stellar mass, radius, age, log g using the online tool (http://stevoapd.inaf.it/cgi-bin/param; da Silva et al. 2006) which is based on a Bayesian estimation method. The stellar parameters of HD 18438 and HD 158996 are summarized in Table 1 .
Rotational Velocity and Period
Giants generally have rotation periods of several hundred days. Rotational modulation of surface features can cause long-term RV variations. Hence, the rotational period is a very important parameter to identify the origins of RV variations. If there is activity in the stellar chromosphere, RV variations may occur modulated by the rotation period. Rotational velocities (v rot sin i) of the two target stars were estimated from SP-TOOL code (Takeda et al. 2008) , which calculates the line-broadening by stellar rotation using five elements in the wavelength range from 6080Å to 6089Å. We estimated rotational velocities to be 5.5 ± 0.2 km s −1 and 4.2 ± 0.8 km s −1 for HD 18438 and HD 158996, respectively. The value for HD 158896 overlaps with v rot sin i = 2.5 ± 1.1 km s −1 by de Medeiros & Mayor (1999) . These estimated rotational velocities are slightly faster than those of general giants. From our values we calculated the probability that the rotational period of the given star is longer than the observed RV period, under the assumption that the real v rot sin i and the stellar radius follow a normal distribution with mean and standard deviation equal to the observationally determined values, and that the rotational axis of the star is randomly oriented. The probability for HD 18438 to have a rotation period longer than the observed period of 719.0 days is 0.1% and that for HD 158996 longer than the observed period of 820.2 days is 4.3%. Hence, it is unlikely that the period seen in RV variation has originated from stellar rotation, neither for HD 18438 nor for HD 158996.
RADIAL VELOCITY VARIATIONS
We took 38 spectra for HD 18438 from November 2010 to January 2017 and 24 spectra for HD 158996 from June 2010 to January 2017. We measured RVs from observed spectra using the RVI2CELL code. The RV measurements for HD 18438 and HD 158996 are given in Table 2 and 3, respectively. The period was determined from Lomb-Scargle periodograms (Scargle 1982) . Figure 4 shows the phase diagram of HD 158996.
CHROMOSPHERIC ACTIVITY, PHOTOMETRIC AND
LINE PROFILE VARIATIONS Long-period RV variations can be produced not only by the orbiting companion but also by stellar pulsations or rotational modulation of surface features, possibly from chromospheric activity. Search for chromospheric activity or variations in photometry or in line shape can help to confirm or rule out each process. We calculated the variation periods of those parameters through the Lomb-Scargle periodograms. RVs, HIPPARCOS, bisectors and H α EW measurements (from top to bottom) of HD 18438 and HD 158996 are in Figures 5 and 6 , respectively.
Chromospheric Activity
The Ca ii H line was first discovered as an indicator of stellar activity by Eberhard & Schwarzschild (1913) . Activity in the stellar chromosphere produce emission features at the Ca ii H line center. Figure 7 shows the Ca ii H lines for the chromospheric active star HD 201091, Sun, and our sample stars (from top to bottom). There is a weak emission feature near the center of Ca ii H line for HD 18438. We examined the We checked EW variations of H α , another stellar activity indicator (Montes et al. 1995; Kürster et al. 2003; Lee et al. 2012; Hatzes et al. 2015) . The LombScargle periodogram of H α EW variations in each star is shown in the bottom panel of Figures 5 and 6 . We found that a period of ∼ 783 days for HD 18438 and ∼ 775 days for HD 158996. The period of the significant peak of H α EW variations in HD 18438 is similar to that of RV variations (bottom panel in Figure 5 ). This suggests that there are stellar chromospheric activities . in HD 18438, which have caused periodic RV variations. In the case of HD 158996, the peak of H α EW variations located near the RV period has FAP greater than 0.01 and is a part of a broad bump around the period of 1000 days. So the peak alone cannot prove or disprove the RV variations from chromospheric activity.
We therefore calculated the S index (Baliunas et al. 1995) for seven K-giant stars from our SENS program. S indices of these stars ranges from 0.000 to 0.006 with 0.002 for HD 158996, showing no correlation between S index and RV variation. Compared to other stars with similar S indices, HD 158996 has a much higher radial velocity variations. The mean value of maximum RV variations for seven K-giant stars is about 86 ± 55 m s −1 , which is much smaller than that of HD 158996, about 250 m s −1 (This is not the amplitude K in Keplerian orbit fit). Thus we conclude that chromospheric activities, if any, can not produce the observed RV variations.
HIPPARCOS Photometry
If the observed RV variations are from pulsations or rotations, which generally accompany photometric variations, the period of the photometric variations will overlap with the period of the RV variations. HIPPARCOS photometry data were analyzed. They were not contem- . poraneous with our RV measurements. We found that HD 158996 show several statistically insignificant peaks in the periodogram, none of which coincide with the RV period ( Figure 6 ). On the other hand, the Lomb-Scargle periodogram for HD 18438 shows a significant peak at ∼ 700 days, close to 719 day RV period (Figure 5 ). In addition, there is another strong peak around 350 days, about a year, and it is half of period of a significant peak at ∼ 700 days. We checked window function of RV measurements and there is no similaritiy between the Lomb-Scargle periodograms of window function and RV measurements. Hence, it appears that the variations of RVs and HIPPARCOS photometric in HD 18438 are accompanied.
Bisector Analysis
Variable asymmetries in the spectral line profile might be caused by the rotation of a star with an inhomogeneous surface (Hatzes et al. 1998; Queloz et al. 2001) . Bisector velocity span (BVS) is defined as the difference of RV measurements between the high and low flux levels of the line profile. Bisector velocity curvature is the difference in the velocity span of the upper half and the lower half of the line profile. These two parameters reflect any variations in the line shape.
We used mean values of five sharp absorption lines 
HD 158996
We found reliable RV variations of period of 820.2 days with a FAP of < 10 −3 (top panel of Figure 6 ). BVS and BVC variations show no correlations with RV variations as shown in Figure 10 . Ca ii H lines do not show meaningful, if any, line reversal at the center. There are no noticable peaks at the level of FAP of = 0.01 in the Lomb-Scargle periodograms (Figure 6 ).
SUMMARY AND DISCUSSION
We have carried out the SENS program over seven years using the BOES at the 1.8 meter telescope of BOAO in Korea. We observed 38 spectra for HD 18438 from November 2010 to January 2017 and 24 spectra for HD 158996 from June 2010 to January 2017.
We obtained RV measurements, stellar parameters, and RV variation periods from these spectra and found long-period RV variations in HD 18438 and HD 158996. To analyse the origins of the observed long-period RV variations, we checked HIPPARCOS photometry, chromospheric activities, and bisectors.
The periods of HIPPARCOS photometric and H α EW variations for HD 18438 are close to that of RV . variations in Lomb-Scargle periodogram. Since an orbiting companion in general does not produce photometric variations, unless eclipsing, and rotational modulation of surface features induce changes in line bisectors, and the observed RV variation period of 719 days is much longer than the rotational period, we thus conclude that HD 18438 has a RV variation period of 719 days, likely to be caused by pulsations. Periods of fundamental modes of radial pulsation for giants are much shorter than our observed RV variations. Although the exact nature of Long-Secondary Periods (LSP) in giants is still unknown, Wood et al. (2004) speculated that the origin of long-period RV variations for LSP giants, like HD 18438, can be explained as non-radial pulsation in a low-degree g + mode with star spot activities. Thus we suspect that the origin of observed RV variation period of 719 days for HD 18438 may be related to the this mechanism, operating in LSP giants. The similarity between the periods of RV variations, HIPPARCOS photometric, and H α EW variations for HD 18438 and those of LSPs support this conclusion. However, the amplitudes of RV variations for HD 18438 is much smaller than LSPs. More observations and studies regarding the origin of RV variations for HD . 18438 are needed.
On the other hand, the observed RV variations period of 820.2 days for HD 158996 are likely to be caused by the planetary companion. The facts that the probability that the real rotational period can be as long or longer than the RV period is very small, periodograms of HIPPARCOS photometry and line bisectors do not show any peaks at the RV period, no variations of Ca ii H line profile at different phases are seen, line bisectors do not show any correlation with RV, and RV variations are well fitted by Keplerian variation lead us to conclude that observed RV variations are very likely to be the result of orbital motion. Assuming a mass of 1.8 M ⊙ for HD 158996, we calculated parameters of plane- Table 4 . Figure 11 shows the distribution of mass of planetary companions versus stellar radii. Triangles are planetary companion candidates of SENS program (Lee et al. 2017 ). This study shows that HD 158996 (diamond) is the brightest star harbouring planetary companion so far. Further study of this extreme giant star will help us understand how evolved stars affect exoplanets, as previously described (Villaver & Livio 2007; Mustill 2014) . HD 18438 also has a very large radius that will help us understand the origins of long-period RV variations of giants. Our results can be used for subsequent planetary and stellar research based on the characteristics of the host star.
